
SECTION A - INTRODUCTION 

This design manual contains procedure, design aids, standard details 
and drawings, useful for developing construction drawings for gated 
outlets and appurtenances common to earth dams used for storage of 
water Tor irrigation. 

As the cover graphically indicates, the planner needs only the basic 
data to enter this guide and come out with essentially the completed 
drawings for the outlet appurtenances. 

Design aids in the form of nomographs, charts and tables have been 
developed wherever possible to provide ready solution of design analyses 
Examples have been placed on each of the more complex charts and nomo- 
graphs to facilitate their use and help the designer grasp the rela- 
tionship between dependent variables in identifying most alternatives. 

Some of the figures may appear complicated and require some study of 
the example to understand the relationships expressed. Once vaster of 
a chart, the designer has a comprehensive understanding and perspective 
of the relationship between elements attainable in no other way. 

Each section of the manual is presented in adequate detail for treat- 
ment of its specific subject in design of small irrigation storage 
structures. An example is continued through the manual. As each 
section is finished, the progressive example is completed to include 
the system components discussed in that section. 

The hydraulics section is a general treatment of hydraulic design of 
gated outlet systems. It is in adequate detail for preliminary design 
purposes and in many cases satisfactory for final design. Refined 
analysis is recommended where critical design factors and cost alter- 
natives are involved. 

Discussion of hydraulic systems for operation of control gates on earth 
dam conduits is presented in detail since the application is somewhat 
unique. The hydraulic system offers advantages under certain condi- 
tions over the mechanical gate stem control that makes it worth 
consideration. 

The importance of proper conduit design and installation cannot be 
overstressed to insure safety of the structure. It is usually impract- 
ical if not impossible to repair deficiencies in conduits through 
embankments; this unit of the system must be done right the first time. 
Every item presented in this section deserves careful consideration. 

Outlet structures for stilling high velocity flows from conduits have 
taken a variety of forms depending on physical and economic factors of 
the site and structure. Performance characteristics, general site 



a d a p t a b . i l i t y  and economic c o n s i d e r a t i o n  t o  f a c i l i t a t e  judgment i n  
d e c i s i o n  between a l t e r n a t e  c h o i c e s  i s  p r e s e n t e d .  The s e v e r a l  d e s i g n  
c h a r t s  e l i m i n a t e  many s t e p s  and h o u r s  o f  work f o r  q u a n t i t y  and c o s t  
e s t i m a t i n g .  

Perhaps  t h e  most t ime s a v i n g  o p e r a t i o n  i n  t h i s  manual is  t h e  summary 
s h e e t  and p rocedure  f o r  p r e p a r i n g  c o n s t r u c t i o n  drawings.  Th is  conclud- 
i n g  s t e p  opens t h e  door t o  t h e  s e v e r a l  a l t e r n a t i v e s  and c o n s i d e r a t i o n s  
i n  composing a set of c o n s t r u c t i o n  drawings  f o r  g a t e d  o u t l e t  appur te -  
nances  f o r  e a r t h  dams. 

C l a r i t y  of c o n s t r u c t i o n  p l a n s  t h a t  p r e s e n t  t h e  d e s i g n  d e c i s i o n s  made 
i n  p reced ing  s e c t i o n s  of t h e  manual is  i m p o r t a n t .  Nea tness ,  l e g i b i -  
l i t y  and c l a r i t y  i n  p l a n s  c r e a t e  a p s y c h o l o g i c a l  r esponse  i n  t h e  
b u i l d e r  conducive t o  b e t t e r  q u a l i t y  work t h a n  t h e  r e s p o n s e  t o  p o o r l y  
d r a f t e d  and vaguely  p r e s e n t e d  d e t a i l s .  The i d e a s  o f f e r e d  permi t  
maximum c l a r i t y  and minimum e f f o r t  t o  make a  p r o f e s s i o n a l  p r e s e n t a t i o n  
of p l a n s ,  c o n s i s t e n t  w i t h  t h e  q u a l i t y  o f  d e s i g n  and h e l p f u l  t o  b o t h  
b u i l d e r  and c o n s t r u c t i o n  e n g i n e e r  i n  g e t t i n g  a good job done. 

It i s  beyond t h e  scope  of t h i s  manual t o  e v a l u a t e  s t o r a g e  requ i rements  
and downstream w a t e r  needs .  I n  t h i s  r e s p e c t  e a c h  i n s t a l l a t i o n  i s  
un ique  and cannot  be  s t a n d a r d i z e d .  Embankment a n a l y s i s  h a s  a l s o  been 
o m i t t e d  a s  a s u b j e c t  r e q u i r i n g  i n d i v i d u a l  a t t e n t i o n .  

The concep t  of t h e  STANDARD DAM f o r  purposes  o f  h y d r a u l i c  d e s i g n  is a 
b a s i c  embankment shape and a f u l l  r e s e r v o i r  d i s c h a r g i n g  a t  t h e  t o e  o f  
t h e  dam through a c o n d u i t .  A s  used i n  t h i s  manual, t h e  c r o s s  s e c t i o n  
o f  t h e  s t a n d a r d  dam c o n s i s t s  o f  a n  upst ream s l o p e  o f  3:1,  a  t o p  w i d t h  * 
o f  2  fi + 5 f e e t ,  and a  downstream s l o p e  o f  2 :1. The s t a n d a r d i z e d  
i n l e t ,  s t e m  p e d e s t a l  and l i f t  p e d e s t a l  a r e  d e t a i l e d  f o r  t h e  3 : l  s l o p e .  
H y d r a u l i c  l o s s e s  a r e  based on a c o n d u i t  l e n g t h  a s s o c i a t e d  w i t h  t h e  
d e s c r i b e d  embankment p r o f i l e ,  f u l l  r e s e r v o i r ,  and a f r e e  o u t f a l l .  Some 
of t h e  d e s i g n  c h a r t s  and d e t a i l s  a r e  based on t h i s  c o n f i g u r a t i o n  and 
a r e  n o t  a p p l i c a b l e  where t h e s e  c o n d i t i o n s  are n o t  met. S p e c i f i c  c h a r t s  
where t h e s e  c o n d i t i o n s  app ly  a r e :  F i g u r e s  B - 1 ,  2 ,  3 ,  4 ;  C-4, 5 ;  F-1, 
2 ,  3, 4 ,  11. I f  t h e  c o n d u i t  is  extended beyond t h e  t o e  of t h e  dam, 
t h e  o u t l e t  i s  submerged o r  t h e  r e s e r v o i r  o n l y  p a r t i a l l y  f u l l ,  t h e  hy- 
d r a u l i c  sys tem,  u s i n g  t h e s e  f i g u r e s ,  shou ld  b e  s i z e d  u s i n g  an  EQUIVALENT 
DAM h e i g h t .  See F igure  A-1. The e q u i v a l e n t  dam h a s  a f i c t i t i o u s  h e i g h t  
t h a t  makes it e q u i v a l e n t  t o  t h e  s t a n d a r d  dam w i t h  r e s p e c t  t o  h y d r a u l i c  
o p e r a t i o n .  

Art o v e r a l l  p e r s p e c t i v e  of t h e  manual c o n t e n t  and u s e  i s  p r e s e n t e d  i n  
F i g u r e  A-2, P rocedure  Flow Char t .  T h i s  c h a r t  f o l l o w s  t h e  normal sequence 
i n  s e l e c t i o n  and development of t h e  d e t a i l s  of ga ted  o u t l e t  appur tenances .  
It shows t h e  major  d e c i s i o n s  t h a t  might a f f e c t  a l t e r n a t e  s e l e c t i o n  re-  
q u i r e d  a t  v a r i o u s  p o i n t s  i n  t h e  development.  

* The d i f f e r e n c e  between t h i s  t o p  wid th  compared w i t h  one based on H + 35 

w i l l  have l i t t l e  e f f e c t  on t h e  p r e l i m i n a r y  h y d r a u l i c  p ropor t ion-  5 

i n g  of t h e  c o n d u i t .  
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